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Abstract 

The decays of T(ls) jiv'^v) studied by an approach which has successfully 
predicted the ratio YijJ^f^^yr^- Strong dependence on quark mass has been found in 
the decays {J/^p,T{ls)) l{fl'iV)- Very small decay rates of T(ls) liv'^v) ^-re 
predicted. 



1 



Recently, CLEO Collaboration has reported measurements[l] of the branching ratios of 
radiative decays of T(ls) into rj and rj' 

E(T(ls)^7r/) < 1.0xlO-^ 

B{T{ls) 777') < 1.9 X 10-^ (1) 

at the 90%C.L. In an early search for T(ls) — > 'frj' by CLE0[2] no signal in this mode has 
been found and in a 90% confident level the upper limit of the branching ratio is about 
1.6 X 10~^. The previous CLEO search of T(ls) ^rj produced an upper limit of 2.1 x 10~^ 
at the 90% confidence level[3]. Comparing with B{J/ip — > 'yq^rj)), the branching ratios of 
T(ls) "yiv'^v) very small. 

There are rich gluon physics in the radiative decays of heavy vector mesons to rj'. In 
QCD these processes are described by y — > ^ygg, gg — > rj'. It is known for a long time 
that the coupling between r}' meson and two gluons is strong. The U(l) anomaly[4] of rj' 
meson is the first evidence. The quark components of rj' meson contribute only about | of 
rrir,', therefore, about | of m^/ comes from gluon components of r)'[5]. Experimental data[6] 
show that B{J/i) 'jri') > B{Jlip 77;) and BR{J/ip uj{(j))ri) > BR{J/ip uj{(j))ri'). 
These results support that r)' contains significant components of gluons [5]. Now very small 
upper limit oi B[T ^rj') has been reported by CLE0[1]. The branching ratio is smaller 
than BR{J/ip 777') = (4.71 ±0.27) x 10~^ by almost three order of magnitudes. This new 
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channel can be used to study the apphcation of QCD to the radiative decays of T and the 
gluon content of v( . 

The difference between the radiative decays of J/-^ and T(ls) is caused by the mass 
difference of c- and b-quark. As pointed out in Ref.[l] that the i?(T(ls) jr]') predicted 
by the naive scahng is too large. There are different theoretical approaches in the study 
of the branching ratios of T(ls) —>■ j{rj',r]). Very small branching ratios for T — > 777,777' 
(10~^ — 10~^) are obtained by employing the Vector Meson Dominance Model in Ref.[7]. 
The branching ratios of quarkonium decays to jr){r)') ~ (5 — 10) x 10~^, obtained in a 
nonrelativistic quark model[8] are larger than the upper limits(l). By using QCD sum rule 
and the U(l) anomaly, B{T -frj') = 3.3 x 10"^ and B{T -frj) = 4.4 x 10^^ are obtained 
in Ref.[9]. They are larger than the upper limits(l). It is pointed out by the author of 
Rcf.[10] that using QCD sum rule and the U(l) anomaly[9], the decay width of F — > 777' 
has a factor of :^{q — c, b) for J/i/j and T respectively. This factor is the reason of larger 
B{T — > 77;') obtained in Ref.[9]. In Ref.[10] strong dependence on quark mass has been 
found. Using mr ~ Stti^ and rrij/^ ~ ^rric, it is obtained 

B{T{ls) ^ 7 + v')/BiJ/^ + 1.31{Qlmt)/Qlmt){a{mc)/asim,)), 

B{T{ls) 77;) - 3.3 x 10"^ 5(T(ls) ^ 77;') - 1.7 x 10"^ 
They are consistent with the upper limits(l). 
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In 1984 we have studied J/ip ^ ■yr], ■jr]'[ll]. In this short note we use the same approach 
to study T — > ^r}'{rj). A brief review of the study done in Ref.[ll] is presented below. The 
decays are described as J/ip ^ ^ + g+g and two gluons are coupled to r],r]' respectively. The 

decay ampUtude of J/ip —>■ j + g + g is calculated by pQCD. r] and rj' have gluon components 

< G|T{^^(xi)4(x2)}|0 >= -^e^^^^ix, - X2)>Vg(xi - X2)etf«(-i+-^), (2) 

where G is a gluon state with quantum number of 0""*". The function /^(a^i — 2^2) is unknown. 
In Ref.[ll] both a harmonic function with radius of one Fermi and /g(0) have been tried. 
The difference is about 10%. The possible dependence of /g(xi — X2) on xi — X2 has been 
ignored and fa is taken as a parameter. The decay widths are derived as 



2 Q, \iO/^\«ol ^ 



r(J/V' ^ 777') = cos'^esin^(j)—aa1{mc)ij}{0)f^ ^ 



,2 



81 -'---v--./r. v-....^8 r^_^^ 4rr|.2 

{2m'j-3ml,{l + ^)-16^}\ (3) 

211 1 (1-^)' 

r(J/V^ ^ 'jT}) = sin'^esin'^(j)—aa1{mc)iljj{0)fG 



{2m] - 3ml{l + ^) - 16^}^ (4) 
where ^ is the mixing angle between rj and r)' and is the mixing angle between a 0~"^ flavor 
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singlet and a 0""*" glueball, as{mc) = |^ and g is the coupling constant of QCD, and ipj{0) is 
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the wave function of J/ if) at the origin, which is determined by the decay rate of J/ip —>■ ee^ 



rric — 1.25 ± O.OQGeV are presented in Ref.[6]. In the study of the amphtudes of J/V' — > 
7 + /(1273)[12] it is found that rric — l.SGeV fits the data very well and this value is in the 
range of mc[6]. Taking this value of rric and 9 — —11°, it is predicted[ll] 

r( ^ 777O _ 

which agrees with current experimental value 4.81(1 ± 0.15)[6]. 

Eqs.(3,4) show strong dependence of the decay rates on rric. This effect originated in the 
pQCD calculation of J/'0 ^ 1+9+9 and the O"'*' gluon components of 77, ri'{2). If mj — 2mc 
is taken, the decay rates depend on However, the value rUc = 1.25 ± 0.09GeV[6] shows 
that mj — 2mc is not a good approximation. Because of the cancellation between mj and 
rUc in the factor of Eqs.(3,4) 

{2m'j - 3m^,(l + ^) - 16^}^ {2m'j - 3m^(l + ^) - 16^}^ 

the decay rate is very sensitive to the value of rric- This sensitivity has been found in the 
study of the decay J/V' — > 7 + /(1273)[12] too. In the right range of mc[6] theory agrees 
with data very well. 
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By changing corresponding quantities and the electric charge of the quark, the decay 
rates of T(ls) — > 777', 777 are obtained from Eqs.(3,4). The ratio is determined as 

B{T ^ 7V) 



R, 



■ij' 



B{J/^ ^ 777') 

9 9 

Tn m 2 s 



2 2 

m J ' ^ ni: 

where 



Taking mj = 2mc and mr — '2mb, it is obtained 

B{T —>■ •yr]') T{T ^ 'jri')/T{T —>■ light hadrons) B{T ^ light hadrons) 



Rn' — 



" BiJ/i/j -fr]') V{J/^ 777') /r( J/z/) light hadrons) B{J/'^ light hadrons) 

_ ctsirric) , mc y ^ ~ 4^ B{T light hadrons) Tr^ee _ q nr^ '^sirric) , mc y 
as{mb) rrib 1 _ B[J/ip — >• light hadrons) Tji^^ee as{mb) 

Comparing with the ratio obtained in Ref.[10], stronger dependence on quark masses and 
smaU coefficient are obtained by this approach. 

As mentioned above that mj — 2mc is not a good approximation. In Ref.[6] rUb — 
(4.7 ± 0.07) GeV is hsted. mr — 2mb works welL In this note rub — 4.7 GeV and rric — 
1.3GeV are taken. Because of strong dependence on quark mass both T{J/ip — > 77;', 77;) and 
r(T — > 777', 777) are sensitive to the values of 7?t,c and ttt.^ respectively. Inputing B{J/ip — > 777'), 
from Eq.(7) it is obtained 

B{T 777') = R^>B{J/ilj 777') = 1.04x-^ (10) 



B{T 'yri) = 0.0225(T ^ 7^) = 0.23 x 10"^ (11) 

Both branching ratios are less than the experimental upper limit [1]. 

The approach used in Ref.[ll] is extended to study the decays of T(ls) — > jr}'{r}). Very 
strong dependence of the decay rate on quark mass is revealed. The ratio ^Y{jfip^'yTf) 
very small branching ratios of T(ls) iv'iv) are predicted. The predictions agree with the 
data very well. 
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